Dr. Avery Jones suggested that clinicians were lulled into a sense of false security by the name normal or physiological saline arid therefore did not worry about giving large amounts to sick children. It had been shown conclusively that adult post-operative cases could be given a great excess of salt by the routine use of normal saline and this caused water retention with hvdrxemia and a tendenicv to oedema of the lungs or of the intestinal suture line.
Many sick infants received at least 12 g. of salt, an amount equal to the total salt content of the body of an infant and equivalent te 3',2 oz. of salt for an adult. Dr.
Young had shown clearlv that the infant's kidney was quite unable to deal with such amounts and therefore the infants tended to become (cdematous with salt-bound water and yet had no water available for the normal losses from skin and lungs. He wondered whether sufficient attention was paid to the vitamin B complex in such children for it had been stressed recently that there was a quantitative relation between the glucose and the vitamin B requirements. If a deficiency existed the infants could develop a condition equivalent to an acute beri-beri. He would like to know whether others had had success with the use of tibial marrow transfusions and said it had proved satisfactory in five out of six infants he had recently treated.
Dr. Richard Dobbs: This discussion serves to show to what a large extent practising piediatricians are ignorant of the very important biochemical and physiological changes which manifest themselves to them as " dehydration ", " shock " and "collapse" in infants suffering from acute gastro-enteritis. The important questions are firstly, what is the most useful, or, rather, the least dangerous fluid to use, and what is the most valuable route? From clinical experience it seems that the oral route may be unsatisfactory because of vomiting or because the fluid may not be absorbed, and that the intravenous route has its dangers. The subcutaneous route is undoubtedly the safest, and by it saline or any other electrolytic solution is satisfactorilv absorbed. I would like to stress that though it is probablv the most satisfactorv for experimental purposes, the intravenous route is dangerous unless more care and constant attention are available from both nursing and medical staff than is usually the case. Vascular and right heart failure, and cerebral pulmonary oedema follow on too much or wrong fluid very much more easilv with intravenous than with other roultes of administration. [December 8, 1942] The IEtiology of Erythroblastosis Faetalis and Certain Haemolytic Transfusion Reactions, with Special Reference to the Rh Factor By P. L. MOLLISON, M.B., M.R.C.P.
FOR a long time it has been recognized that the clinical conditions known respectively as hydrops fcetalis and icterus gravis neonatorum are closely related and, since the publication of Diamond, Blackfan and Baty's paper in 1932, it has been realized that so-called congenital anamia of the newborn is a further manifestation of the same disease process. Although the relationship between these different syndromes has been generally recognized and the clinical and pathological features of each one fully described, there has been very incomplete uinderstanding of their atiology.
Diamond and his co-workers pointed out that extramedullary hamatopoiesis occurred in all three conditions. They accordingly revived an old term " erythroblastosis " to describe all three svndromes and to give prominence to their belief that abnormal hoematopoiesis was the primary disorder. This view was challenged by Parsons, Hawkslev and Gittins (1933) who considered that a haemolytic process affecting the red cells, or rather the whole erythron, was the plimary feature and that the ervthroblastosis was merely a response to this destruction.
'rhe rapid fall in blood-count after transfusion observed in some cases of icterus gravis neonatorum by Hawksley and Lightwood (1934) was cited bv them as fturther evidence in favour of the haxmolytic theory.
Although the view that these syndromes are characterized bv haemolysis was widely accepted in this country, there was a complete ignorance of the cause of the hcemolysis.
In 1941, however, Levine and his co-workers demonstrated that the cause lay in isoimmunization of the mother during pregnancy. They showed that the recently discovered Rh agglutinogen was intimately concerned with this process in the majority of instances.
Landsteiner and Wiener demonstrated in 1941 that the red cells usually contain an agglutinogen which they termed Rh because a similar agglutinogen is present in the red cells of rhesus monkeys. They showed that this agglutinogen is distributed amongst different persons irrespective of their A-B-O group and that amongst American whites only about 15% of persons lack the agglutinogen.
Wiener and Peters (1940) showed that this 15% of persons (Rh negative) whose erythrocytes lack the Rh agglutinogen may develop specific anti-Rh agglutinins if they are transfused with blood containing the Rh agglutinogen (Rh positive). Levine, Katzin and Burnham (1941) showed that anti-Rh agglutinins may also be found in the sera of Rh negative women in connexion with pregnancy and they recalled Levine and Stetson's speculation that some agglutinogen contained in the foetus might cause the development of atypical iso-agglutinins in the mother's serum during pregnancy. In a paper published in 1941, they showed that the presence of these atypical agglutinins in the mother's serum is often associated with feetal morbidity, and particularly with erythroblastosis foetalis. They suggested that the atypical agglutinins in the mother's serum pass back across the placenta into the foetal circulation and cause the destruction of the foetal erythrocytes. In a later paper (Levine, Burnham, Katzin and Vogel, 1941) it was shown that the Rh agglutinogen is involved in the majority of instances. This was demonstrated by testing a series of mothers and infants and showing that over 90% of the mothers were Rh negative compared with 15% in a random sample of the population. Similar findings have been reported by Boorman, Dodd and Mollison (1942) . In both these series, all the infants examined were Rh positive. These findings alone strongly suggest that iso-immunization of the mother to the Rh agglutinogen is intimately connected with affection of the foctus, since only Rh negative persons can produce anti-Rh agglutinins. The actual finding of immune agglutinins in the sera of mothers is further evidence. Such agglutinins were found by Levine and his co-workers in approximately one-third of their cases and by Boorman, Dodd and Mollison in over 90%. The difference between the two series is probably to be accounted for partly by the more favourable time of examination (i.e. shortly after delivery) in a greater proportion of cases in the latter series, and partly by differences in technique. The evidence then is that in the majority of cases the Rh agglutinogen is involved and the destruction of the foetal erythrocytes is due to the passage of immune anti-Rh agglutinins from the maternal into the foetal circulation.
Where the destruction of the foetal erythrocytes is thought to be due to anti-Rh agglutinins, further evidence can be obtained by demonstrating that Rh positive erythrocytes are rapidly destroyed in the fotal circulation whereas Rh negative erythrocytes survive for long, periods. This can be done by transfusing a mixture of Rh positive and Rh negative blood to such an infant and then estimating quantitatively, by an elaboration of the differential agglutination technique, the survival of the two types of blood in -the recipient's circulation. In all except one of the cases studied so far, Rh negative blood has been found to survive for ninety days or more, whereas Rh positive blood has often been destroyed within a few days of transfusion (unpublished data). These observations provide very strong support for Levine's theory and at the same time indicate that the infant should be transfused with Rh negative blood whenever possible.
While the knowledge of the pathology of the group of conditions hitherto known at erythroblastosis foetalis is by no means complete, all future theories will have to take as their central feature hiemolysis due to immune iso-agglutinins.
The cases in which the mother is Rh positive and therefore can form no anti-Rh agglutinins present an interesting problem. Elsewhere we have presented our reasons for believing that the ordinary agglutinins anti-A and anti-B may sometimes be responsible, and evidence obtained recently has confirmed this view. PossibLy, as has been suggested by Levine, Burnham, Katzin and Vogel, failure of the tissues to secrete the group specific stubstances A and B may lay the way open for attack upon the erythrocytes.
Other antigens besides Rh, A and B may prove to be responsible in rare cases. The essential thing from the serological point of view is the demonstration that the fretal erythrocytes contain an antigen that the mother lacks. In the majority of cases it should be possible to show in addition that the maternal serum is incompatible with the foetal erythrocytes. although this may be made impossible by the disappearance of the immunc agglutinins from the mother's serum within a short time after delivery. Thus, the mother's serum as well as the mother's cells must he examined and the infant's cells must be tested or. if the infant is dead, the father's cells. In testing the latter, the mode of inheritance -of the Rh factor must be borne in mind.
Since in approximately 1 in 10 pregnancies the mother is Rh negative and the infant Rh positive, other factors have to be considered, for otherwise erythroblastosis foetalis would be far more common. The two most obvious factors to consider are failure of the Rh antigen to cross the placenta in adequate amount to stimulate the formation of anti-Rh agglutinins and failure of the mother to respond to the stimulus. The latter factor probablv plays a big part; irregularity of response between one subject and another is a familiar feature of immune responses as a whole. We have observed cases in which an Rh negative mother bears several Rh positive children without incident and in any case, as has long been recognized, the first child in families in which ervthroblastosis occurs is usually naffected. We have often found that these first children are Rh positive. The value of serological tests in ervthroblastosis foetalis may be summarized as follows:
(1) In doubtful cases the diagnosis is strongly supported when the mother is found to be Rh negative and the infant Rh positive and anti-Rh agglutinins are found in the mother's serum.
(2) In doubtful cases the diagnosis of erythroblastosis fttalis is virtually excluded when the infant's erythrocytes are found to contain no agglutinogen which the mother's ervthrocvtes lack and when the mother's serum is found to contain no agglutinin that is incompatible with the infant's erythrocytes. In making tests for atvpical agglutinins in the mother's serum it must be remembered that these agglutinins are immune bodies and that tneir potency increases after delivery (Boorman, Dodd and MIollison) and then decreases again. Unless the serum is examined repeatedly the agglutinin mav be missed.
(3) Serological tests can be used to select suitable donors for the transfusion of the inifant. Because Rh positive blood is usually rapidly destroyed by the infant, the father's blood is unsuitable. Although the mother's cells, being Rh negative, w-ill survive well after transfusion in the infant's circulation, her serum contains anti-Rh agglutinins and a different (unimmunized) Rh negative person is therefore preferable as a donor.
While recommending the use of Rh negative donors for transfusion to cases of hxmolytic anaemia of the newborn, it must be realized that these cases dem-and early and adequ-ate transfusion. The diagnosis is not always made very promptly, and treatment is not as a rule begun as early as it might be. Apart from improving the immediate survival, the transfusion of Rh negative blood, particularly when carried out early, may be found to lower the incidence of damage to the central nervous system.
Of 27 cases of proved icterus gravis neonatorum seen during the last nine months, 17 recovered. Transfusions, mainly of 150 to 200 c.c. of Rh negative blood (administered at 8 to 12 drops a minute via the internal saphenous vein), almost certainly played a part in this good recovery rate, for whereas none of the ten wvho died had received a transfusion, all of those who recovered had been transfused. Nevertheless, these figures somewhat slightly exaggerate the value of transfusion because the milder cases tend to be transfused and many of these would recover without transfusion whereas many of the more serious cases, which transfusion might not save, die within a few days of birth before the transfusion is arranged.
An effect of iso-immunization that is of very great importance is the sensitization of the mother towards a transfusion of R-th positive blood. If the mother's serum contains anti-Rh agglutinins, Rh positive blood will be incompatible. Rh agglutination cannot be satisfactorily detected by the ordinarv slide test, so that the blood is likely to appear perfectly compatible unless a special method of direct matching is used. Nevertheless, in such cases the results of transfusion may be as disastrous as those of an incompatible transfusion due to faulty A-B-O grouping. The connexion between erythroblastosis in the infant and haemnlytic transfusion reactions in the mother (see is so important that it seems worth emphasizing by a detailed description of two case histories. CASE I. First pregnancy normal but in the second pregnancv she developed a toxoemia and gave birth to a stillborn faetus. In the third pregnancv a very severe toxaemia developed and an infant affected with hydrops foetalis was born. Because of the history of bad toxaemias the fourth pregnancy was terminated at the third month. Following operation a transfusion of group 0 blood was given. The patient developed backache, suppression of urine and jaundice. The blood urea rose progressively and reached a figure -of 400 mg,. on the fifteenth day; thereafter, recovery was uneventful. Investigations showed that the patient was group 0 Rh negative, and that her serum contained anti-Rh agglutinins. Her husband was group 0 Rh positive, and the donor was also group 0 Rh positive. CASE II. First two pregnancies normal. The third pregnancy ended in a miscarriage at five months; this was thought at the time to be due to a fall. The f,ourth child developed the classical features of hamolytic an-emia of the newborn. The fifth pregnancy proceeded normally but bleeding, due to placenta pravia, developed when the patient went into labour. A transfusion was given and was followed bv a rigor. A very nale dead infant was delivered. On the following day the patient became jaundiced and passed very little urine.
Investigations carried out five days after transfusion showed that the patient was group A Rh negative and that her serum contained weak anti-Rh agglutinins. Her husband was found to be group B Rh positive and the donor group 0 Rh positive. No group 0 blood was found to be surviving in the recipient's circulation.
Ten days after the first transfusion, group 0 Rh negative blood was given with a satisfactory result. Tests made after transfusion showed that this blood was surviving normally in the recipient's circulation.
Though it is known that women who give birth to infants affected with erythroblastosis also have an increased incidence of stillbirths, yet, as Henderson (1942) has emphasized, the pathology of these cases has been neglected. Now that the danger of haemolytic transfusion reactions in women whose infants are affected with erythroblastosis is recognized, it becomes extremely important to emphasize this fourth type of erythroblastosis feetalis, as Henderson has called it. The following cases illustrate the occurrence of "unexplained " stillbirths and cases of erythroblastosis feetalis in the same family.
CASE III.-The first child was born three weeks before term but exhibited no abnormality. During the following nine years the patient gave birth to six stillborn infants after pregnancies lasting between six and eight months. Six years later, the eighth pregnancy resulted in the birth of an infant affected with icterus gravis neonatorum. The woman was group A Rh negative, her serum contained anti-Rh agglutinins and the infant was group A Rh positive.
CASE IV.-First child normal, second died of jaundice twenty-four hours after delivery. Third pregnancy ended prematurelv in the birth of a macerated but otherwise normal fietus. The mother was group A Rh negative and her serum contained anti-Rh agglutinins. CASE V.-First infant normal, second infant stillborn, third died within twenty-four hours after delivery. The second and third infants were outwardly normal. The fourth infant developed tvpical h,cmolytic anamia-of the newborn. The mother was group 0 Rh negative and her serum contained anti-Rh agglutinins; the infant was group 0 Rh positive.
In discussing the possible manifestations of erythroblastosis feetalis it should be added that it is occasionally difficult to distinguish between mild cases of icterus gravis and severe cases of " physiological jaundice " of the newborn. The possibility of the infant having erythroblastosis should be considered whenever there is any foetal or neonatal morbidity for which there is no other obvious cause. Suspecting the infant of having crythroblastosis implies suspecting the mother of having become sensitized to the Rh agglutinogen and therefore avoiding transfusion unless known Rh negative blood of suitable A-B-O groun is available.
Iso-immunization to the Rh agglutinogen may occur apart from pregnancy in Rh negative persons of either sex, that is as a result of the transfusion of Rh positive blood (as mentioned above). In such cases, the response to a first transfusion may be satisfactory but the response to subsequent transfusions becomes increasingly unfavourable. The signs to look for are a failure of the recipient's hacmoglobin concentration to increase following transfusion (the concentration may increase temporarily but then fall within a few days), the development of jaundice after transfusion and the development of more severe signs of haemolysis such as haemoglobinuria.
The possibility that iso-immunization produced by transfusion may affect the mother's response to a subsequent pregnancy should be borne in mind. Whereas an Rh negative woman usually fails to produce anti-Rh agglutinins during her first pregnancy with an Rh positive infant, if she has had a previous Rh positive transfusion she may have been sensitized and thus produce anti-Rh agglutinins during her first pregnancy and give birth to an affected infant instead of a normal one. CASE VI.-The patient became an air-raid casualty in November 1940 and was transfused with 1,000 c.c. of blood. She left hospital, but six months later was admitted to another hospital for plastic onerations. After one of these operations she had a three months' miscarriage. In 1942, she gave birth to an infant which died after a few days from icterus gravis. The serological findings were typical of iso-immunization to the Rh agglutinogen.
Of course in this case the early miscarriage may have been the "immunizing pregnancy", but it was a very brief pregnancy and it seems equally likely that the transfusion was responsible for the brisk immune response to the first "full" pregnancy.
Clearly, transfusion reactions due to the Rh agglutinogen could be completely avoided if Rh negative persons were never transfused with Rh positive blood and at the same time the possibility envisaged in Case VI would never arise. At present. however, it seems quite impracticable to suggest that every potential recinient of a transfusion should have his or her Rh group determined. The alternative procedure of supplying Rh-negative blood on a large scale or even for maternity cases alone, must also be considered imprac-ticable at present because of the small percentage of Rh negative persons in the population.
However, the great majority of transfusion accidents due to the Rh factor would be avoided if mothers of infants affected with erythroblastosis were not transfused except with Rh negative blood and if persons who have responded unfavourably to transfusion were not retransfused until the cause of the unfavourable reaction had been ascertained. In cases of urgency, plasma or serum should be used instead of whole blood.
I should like to acknowledge the kindness of those clinicians and pathologists who have allowed me access to cases under their care and also the help of Miss Boorman and Miss Dodd who carried out many of the serological tests in the cases reported here.
Tests for the Rh Factor and its Antibody By G. L. TAYLOR (zworking on behalf of the Medical Research Council) Galton Laboratory Seruim Unit, at the Department of Pathology, Cambridge THE presence of Rh antigen is detected bv the red cells containing it being agglutinated when mixed with serum in which is the corresponding anti-Rh agglutinin. There are two sources of grouping sera. (1) Animal: serum of a rabbit or guinea-pig injected with the red cells of the Rhesus monkey. The preparation and use of animal sera for detecting Rh, is difficult. (2) Human: anti-Rh may be found in mothers of erythroblastic babies and in persons who have had haemolytic transfusion reactions due to Rh. Few human anti-Rh sera are strong enough to be used as reagents. Some Rh-positive cells react very weakly and unless a good serum is used they may be recorded as negative. False negatives are the great bugbear in Rh work. Human sera will probably prove the most convenient reagents and I think most of them will come from mothers of erythroblastic babies., Detecting anti-Rh.-Serum is heated for fifteen minutes at 56°C., as Wiener recommends, for some sera before heating fail to react properly with some Rh-positive cells.
The serum is mixed with cells from at least two strongly positive donors, with negative cells and with cells from the donor of the serum; some sera agglutinate their own cells and this is a necessary control. Known positive and negative cells should be of group O to avoid the possibility of reactions due to the A-B-O system of groups. Most grouping is done on a slide, tile or plate, but for Rh work tubes must be used. Ours are 2 in. long by I/4 in. diam. and in them we make series of falling dilutions of serum. In the first tube the serum is undiluted; in the second diluted 1:2; in the third 1:4 and so on for 6 or 7 tubes. Into every tube except the first we place a volume of physiological saline solution; the first receives a volume of undiluted serum. With the saline in tube 2 we mix a volume of serum getting two volumes of 1: 2, one of which we add to tube 3 getting two volumes of 1 :4 and continue this doubling up until every tube gets its dilution.
One of the two volumes in the last tube is discarded. To each tube we add a volume of red cell suspension (1 to 2% whole blood) of a strongly positive donor. Cells and serum are mixed by picking up a tube and flicking with the finger and on each tube is placed a glass cap to prevent evaporation and serve as place-marker in reading tests. To other identical series are added cells from a second strongly positive person, negative cells and the cells of the donor of the serum. If the donor is the mother of an erythroblastic baby, and if the A-B-O groups permit, and if we have the cells, we also titrate the serum with cells from the baby and the father. The tests are stored at room temperature and an identical set in the incubator at 370 C. Some human anti-Rh sera work better at room, others at body temperature. The great majority are better at body than at room temperature.
